The content of twelve elements encountered in four different vegetable oils, each coming from a specific geographical location was precisely determined by ICP-AES over three consecutive years (2015)(2016)(2017). For each oil type, results were remarkably reproducible indicating that element composition is a powerful fingerprint to depict an oil. Our results allow us to suggest that, once the vegetable origin of any niche oil has been certified (using its element content or not), element content determination can sign its geographical origin.
Vegetable oils are widely used in the domestic and industrial food domains. Some oils, as corn or sunflower oils, possess global production areas whereas other edible vegetable oils are sometimes produced in specific locations. As a result, some vegetable oils possess highly looked for organoleptic characteristics. In such case, these oils can be particularly appreciated by consumers and become niche products. Ultimately, they can even be granted geographic indication or certified origin. This position frequently justifies a market-price higher than that of the regular product. As a unfortunate consequence, these oils become highly susceptible to a fraudulent misuse of their name or to adulteration. Therefore, any method able to unambiguously confirm the claimed geographical origin of a vegetable oil, and hence to ascertain its vegetable source and geographic authenticity, is particularly looked for [1] . Metal concentration variation in edible oils has already been suggested as a powerful analytical procedure applicable for the characterization of oils produced in a limited geographic area [2, 3] . Croatian olive oil was already used as a convincing example [4] . Recently, we reported that the argan forest, the area in Morocco from where the world's production of argan oil is from, is a homogeneous geographical area, with the exception of a few well identified locations [5] , suggesting that element content of argan oil could be used as a fingerprint to characterize argan oil [6] . However, to become a reliable analytical method, the element composition must necessarily be stable over time. The purpose of this work was to determine by ICP-AES the variability of the elemental content of four different locally produced vegetable oils over three consecutive years. Selected oils were argan, olive, sesame, and mustard oils. Those vegetable oils were arbitrarily chosen because for each of them, we were assured of getting access, over three consecutive years, to an oil prepared exactly using the same methodology from a fruit-crop harvested exactly from the same location.
Argan (Argania spinosa (L.) Skeels) oil is the basic ingredient of the Amazigh diet [7] . It is the epitome of the traditional Moroccan food and is prepared by cold-pressing roasted argan kernels [8] . It presents a hazelnut taste. Olive oil is prepared by pressing Olea europea fruit. It is the basic ingredient of the Mediterranean diet [9] . Olive tree, whose natural habitat is the Mediterranean basin, is now virtually grown in all temperate warm parts of the world. Olive oil presents a unique taste. Sesame (Sesamum indicum L.) oil is one of the world's most important oil crops. Sesame is grown in India, China, and Red Sea bordering countries in the Middle East [10] . It presents a nutty taste and is frequently used as flavor enhancer mustard oil (brassica oils) is extracted from the seeds of mustard plants. It is the most commonly used oil in cooking in North India and is increasingly marketed worldwide [11] . It presents a pungent taste. In summary, these four oils present specific organoleptic properties and a unique taste. They are all considered as "flavor oils".
Sample physicochemical quality was certified by the determination, for each oil and every year immediately after the production, of quality standards. With the exception of argan oil acidity in 2016 that presented a slightly higher-than-average value, all oils displayed, over three years, remarkably reproducible quality markers. Importantly, all oils presented satisfactory results with regards to official norms [12] [13] [14] (Table 1) . Hence, samples of all four oil types were of high quality and presented a low amount of fatty acid hydrolysis, limited quantities of primary and/or secondary oxidation products, and the expected amount of unsaturated fatty acids. Interestingly, calculated parameters allowed to categorize argan and olive oils as extra-virgin oil, the highest quality grade for these kinds of oil. Such reproducibility was anticipated due to the limited geographic origin of the samples and the strict preparation processes used for each oil type. (5) 2018 Mohammed et al. Table 2 summarizes the results of the 12-trace-element composition found in the oil samples analyzed throughout this study. Our previous study had already evidenced the high stability of argan oil element content [6] . Once again, Ca was found to be the only element that underwent some variations going from a low 6.33 mg kg -1 level in 2015 to a high 12.0 mg kg -1 amount in 2016. However, this variation did not modify the general trace element profile of argan oil. Compared to our previously reported results [6] , this study was performed using an oil prepared in a different location of the argan forest. The similarity of the element content observed between the two studies confirm that, despite the large area covered by the argan forest, this place can be considered as a homogenous biotope with regard to the elemental composition of argan oil. Regarding olive, sesame, and mustard oils, element composition of the corresponding oils were remarkably reproducible over three consecutive years. The results of the analysis showed that there are some variations in metal levels between oil samples of different origins of plants which confirm the important effect of plant origin on the metal content. Generally speaking, element content of a single oil is subject to variation and, from one location to another, amounts of elements are expected to fluctuate depending on the soil nature or atmospheric pollution. However, our study shows that as long as environmental conditions remain unchanged (no recent industrial implantations, no novel uses of hazardous pesticides…), the element composition of a given oil, for a given location is remarkably stable over the years.
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Determination of the size of the location to be declared as "homogenous area" depends on individual factors as soil quality, climate and it is not possible to indicate a surface to describe a homogenous area. Each "homogenous areas" has to be determined case by case. However, once this work has been done, element composition can be used as a fingerprint to depict a vegetable oil produced in a homogenous region and it undoubtedly represents a reliable quality marker.
Our results show that no significant changes in the concentration of elements exist in our oil samples collected over three years. Convergence in element content in samples collected and analyzed in 2015 with the element content of samples analyzed in 2016 and 2017 was calculated to be 98%. Accordingly, ICP-AES assisted element determination appears to be a straightforward and effective tool for the determination of the geographic and the plant origin of any niche oil. In general, element composition can be used as a fingerprint to depict a vegetable oil produced in a homogenous region. If an edible oil is established as authentic with respect to its vegetable source, its geographic and plant origin can, in a second step be easily established from its element content. More precisely, even though it is impossible to discard the eventuality of a fortuituous element-content similarity, a too large discrepancy in in element content can be used to certify a fraud on the geographic origin. Vegetable oils can therefore be added to the list of agricultural products whose accurate provenance could be established by multi-element analysis [15] [16] [17] [18] [19] [20] .
Experimental
Each oil was collected and analyzed over three consecutive years from the same local producers known to prepare their oil according to the rigorous process required for argan oil, which possesses a geographic indication, or as rigorously as possible for oils that are not granted. The study was based on Twenty-four samples of edible vegetable oils. Argan oil was obtained from the Region of Essaouira, Morocco. Olive oil was obtained from the Region of Ajlun, Jordan. Sesame oil was obtained from the Governorate of Abyan, Yemen. Mustard oil was obtained from the Governorate of Sanaa, Yemen.
ICP-AES spectrometer (JobinYvon, Ultima 2) with axial viewed plasma was used for the mineral contents determination in each sesame oil sample. The operating conditions were set as follows: power 1.15-1.2 kW, plasma flow gas 12-14 l/min, auxiliary gas flow 1.5 l/min and nebulizer gas flow 0.2 l/min. For mineral analysis, 0.25 g of oil was accurately weighed in vessel tubes, 10 mL of concentrated HNO 3 (69.5%) and 8 mL of H 2 O 2 (35%) were added and the tubes were heated on at 140°C for 4 h. During all of the tests, the pressure was kept at 45 bars, and the ventilation was 3 min. After cooling, 1mL of HNO 3 (1%) was added and the final volume was adjusted to 25 mL with deionized water and measured by inductively coupled plasma atomic emission spectroscopy (ICP-AES).
Data were studied as statistical variables. Each given value corresponds to the average of three independent measurements performed with ICP-AES. Variability in each parameter was analyzed. Possible correlations between metals and between metal content and several quality parameters were also studied; P values ≤0.05 were considered to be statistically significant. Statistical analysis was performed using the Statgraphics Plus package.
